In 2012, the Ministry of the Environment and the Moravian-Silesian region released stove subsidies for the replacement of old household heating boilers to improve the air quality in the Moravian-Silesian region. The aim of the paper is to evaluate the efficiency of providing those finances. A comparison is made of the technical and economic parameters of combustion devices for household heating: a) boilers for coal with hand filling, b) boilers for coal with automatic filling and c) boilers for biomass in relation to CO 2 and NO x emissions. The best results are provided by the last method. Therefore, it is recommended to extend the subsidies to boilers for biomass combustion, which are not yet supported, in order to expand the positive effect of public support on emission reduction.
Introduction
The impact of human activities on ecosystems is considerable. The usage of fossil fuels, due to CO 2 , changes the air and contributes to climate change and to the amplification of the greenhouse effect. According to the IPCC (1997) , reducing the risk of catastrophic climatic change requires the stabilisation of the concentration of greenhouse gases to 450-550 ppm of carbon dioxide equivalent -a level considered consistent with an increase on average temperatures not exceeding 2 °C. Hence, the protection of the environment and sustainable behaviour have become issues that have attracted the attention not only of researchers, but also of politicians.
Since the issue of the environment is crosssectional, it has started to be tackled by many policies in the EU. As noted by Schmitt and Schulze (2011) , environmental concerns increasingly influence the formulation of the EU's energy policy, especially given the twofold challenge of securing sufficient energy supply whilst also addressing the necessity of combating climate change. The role of the environmental policy is to set procedures or measures that will support positive and limit negative externalities. Public budget expenditures and subsidies given to private subjects for environmental protection are instruments that are an important element of the state policy of environmental protection in developed countries (Jílková, 2003) .
All the programmes released by the member states of the EU must be assessed in terms of their impact on the environment. So-called SEA (Strategic Environmental Assessment) must be elaborated before the programme starts.
The effectiveness of political measures in decreasing the emission of greenhouse gases is the subject of various studies. For example, in the study by Delbeke et al. (2010) , the possibilities of the EU policy to achieve the goal of 20% greenhouse gas emission reduction via increasing the share of renewable energy sources in the total energy sources to 20% by 2020 were analysed. It was concluded that the system of carbon capture and storage in the framework of the EU Emissions Trading Scheme could lead to significant cost savings. In Jaraité and Corrado's (2012) research, the environmental efficiency and productivity of the public power generating sector were measured and the effectiveness of the carbon pricing measure and Emissions Trading Scheme were assessed in relation to decreasing CO 2 emissions. The conclusion reached was that carbon pricing leads to an increase in environmental efficiency and to an outward shift of the technological frontier and that the overly generous allocation of emission permits has a negative impact on both measures (Jaraité and Corrado, 2012) . According to Dandres et al. (2012) , the EU's bioenergy politics has a positive impact. Its absence would cause a negative influence on human activities and would affect people's health. Furthermore, the lack of EU environmental policy would have negative consequences for global heating and environmental resources at the EU and global levels.
The analysis in this paper is focused particularly on the structural policy and its operational programme Environment (OP Envi), in which 4.92 bil. euros were available for the CR in the programming period 2007 -2013 (Funds EU, 2012 . OP Envi supports the protection and improvement of the environmental quality, which is the basis for people's health and contributes to the increasing attractiveness of the CR for life, work and investment and thus supports its overall competitiveness (Funds EU, 2012; OP Envi, 2010) . The improvement of the air quality is achieved by reducing the CO 2 and NO x emissions. The second most important polluter after transport in the Czech Republic is households. According to the Ministry of Environment (MoE, 2012a), they contributed 31% of the total dust production in 2011.
The worst situation is in the Moravian-Silesian region (MSR). Despite the reduction of industrial production, the new legislative measures and investments in ecological and environment-friendly technologies over the past 90 years, which led to the improvement of the situation, the inhabitants of this region are still confronted with an excessive burden of air with solid pollutants and carcinogenic substances (airborne dust and benzoapyren). The majority of the MSR belongs to an area with deteriorated air quality. There are four areas of pollution sources in the MSR; the procedures for eliminating them are defined. One source is households, because the region is atypical in its settlement structure and the so-called Silesian build-up area, where the majority of locals live in family houses. Households (479 530) are mostly heated by natural gas (34.3%), then by district heating (49.4%) and coal (10.1%) (Cenia, 2009) . Therefore, the MoE introduced a set of measures in the framework of action plans in order to improve the air quality in the region.
At the beginning of 2012, the MoE, in cooperation with the MSR, provided finances for changing the current manually filled boilers for solid fuels to new, low-emission, automatic boilers for coal or for coal and biomass. The so-called stove subsidies should have contributed to decreasing the environmental pollution from small, local, stationary combustion, in which non-quality fuels and waste are often incinerated by households. Therefore, the inhabitants were motivated by the subsidies programme to switch their current heating methods for more ecological ones. The maximal subsidy was set at 60 thousand CZK for one new, efficient, low-emission automatic boiler. The eligible costs included the purchase and installation of a new, low-emission, automatic boiler that fulfilled the stated marginal emission level and minimal efficiency requirement (ČSN EN 303-5, emission class 3) (MoE, 2012b) .
The MoE supports investments in the insulation of private and public buildings and heat production from renewable energy resources. The provision of financial means for local furnaces via grant programmes supported the change of manually filled boilers for solid fuels to low-emission, automatic boilers.
The aim of our analysis is to assess the efficiency of the stove subsidy programme implemented in the Moravian-Silesian region in 2012 in order to improve the air quality.
The structure of the paper is the following. Firstly, the methodology and data sources used are presented. In the results section, the total emissions of CO 2 and NO x produced by various heating methods are calculated. Consequently, they are placed in the context of the subsidy programme. Finally, the efficiency of the subsidies is assessed. The last section summarizes the results.
Data and methodology
The efficiency analysis deals with a particular subsidy programme funding the replacement of boilers with more environmentally friendly ones in terms of the reduction of CO 2 and NO x emissions. CO 2 and NO x emissions are monitored in detail during the whole process from fuel production to combustion.
The examination was performed on the case study of the MSR. As shown by Ježek (2005) , the main problem of case studies is their theoretical construction and especially their theoretical generalization, i.e. the extent to which the findings gained from the study of one case can be marked as generally valid. With this in mind, in this study, a case study concerning the mere introduction to the problem, with the aim of tackling the problem not only in the MSR, is considered urgent. Alternative methods of heating in the MSR are assessed. The following simulation is performed by means of general data. Secondary data are gathered from programme and strategic documents and technical studies and sorted for consequent exploration. The technical and economic parameters of three different technologies of combustion devices used for household heating are compared: a) classical boilers for coal with hand filling, b) boilers for coal with automatic filling and c) boilers for wood pellets. The demand for electric energy consumption of the main production process and support processes of each alternative are assessed. The emissions of CO 2 and NO x that emerged as the result of the combustion of coal and wooden pellets for an ordinal family house with heat loss of about 17 kW are calculated. In the final synthesis, the subsidies' efficiency in the MSR are assessed in relation to the savings of CO 2 and NO x emissions. The determination of the terminology and technical data set is based on the definition anchored in standards ISO 12831 Method for calculation of the design heat load, ISO 13790 Thermal performance of buildings -Calculation of energy use for space heating and TNI 73 0331 Technical normalization information. The quantities and units used with descriptions are displayed in Table 1 . In the final synthesis, the efficiency of the usage of the subsidies in support of automatic boilers in the MSR is calculated in relation to the emissions savings of CO 2 and NO x . Ratio indexes are used to this end. On the basis of the results, recommendations are formulated for policy makers.
Results of the analysis
The following sections compare the CO 2 and NO x emissions for three types of combustion devices used for the heating of households.
Comparison of CO 2 emissions from combustion devices for heating
Firstly, the CO 2 emissions are compared for three types of combustion devices used for the heating of households. CO 2 is observed during the phases of fuel production and consequent combustion during heating. Two variants are considered in the case of boilers for coal: hand filling and automatic filling. The CO 2 emissions released during coal production are not considered. During the pellet production, the material is first crushed in a crusher and then compressed in a pelletizing press. The power of the chosen crusher was 15 kW and the power of the press was 30 kW; with a yield of both devices of 1 t per hour, the consumption of electric energy was equal to 45 kWh for 1 ton of produced pellets (Peletovací lisy, 2012) . Note that the energy consumption was calculated with professional devices. They are more widely used and more efficient than devices used for hobby purposes.
The average emissions per 1 MWh (= 1000 kWh) of produced electricity are 0.950 tons of CO 2 in the CR for all energetic systems (power stations for fossil fuels and renewable sources) (Covenant of Mayors for Local Sustainable Strategy, 2008) . During the production of 1 ton of pellets, 42-48 kWh of energy is consumed, while during production, on average 0.043 tons of CO 2 emissions are released into the air. The calculations are presented in Table 2 .
Firstly, it is necessary to calculate the detailed energetic balance in order to assess the amount of fuel needed for heating a particular building. A house with heat loss of 17 kW was considered for this calculation -i.e. a house that corresponds to the average old house without thermal insulation in which a coal boiler is the most common source of heating. The average need for heat of this type of house is approximately 100 GJ per year. It is possible to calculate this value from the average temperature in the heating season and the average outdoor temperature. According to the producer, this amount of heat can be covered by 10.1 tons of brown coal or 6.9 tons of pellets.
In the former case, using a brown coal manual boiler with 55% efficiency or an automatic boiler with 80% efficiency gives an average heating value of 18 MJ/kg. The latter method is 85% efficient, but provides only 17 MJ/kg. The calculation of CO 2 emissions during consumption for different types of boilers is shown in Table 3 . During brown coal combustion, CO 2 that was accumulated millions of years ago is released. This negatively influences the volume of CO 2 in the atmosphere. The amount of CO 2 released during brown coal combustion is, according to the Covenant of Mayors for Local Sustainable Strategy (2008), 81.3 kg in 1 GJ of fuel. During consumption of 181.8 GJ per year, 14.76 tons of CO 2 are released by a boiler with manual filling of fuel. In the case of a boiler with automatic filling of fuel, the amount of CO 2 is lower thanks to its higher combustion efficiency -10.09 tons.
In contrast, during pellet combustion, exactly the same amount of CO 2 emissions is released into the air as the plant had absorbed during its growth. The com-bustion of pellets (or any plant biomass in general) is therefore neutral in terms of the release of CO 2 emissions.
The associated emissions from transport and mining of raw materials are not taken into account in the calculation. However, they will also be higher in the case of coal mining. The energy used for coal mining is higher than that for biomass production, which is often gained as industry or agriculture waste, and a larger amount of coal fuel also needs to be transported to the household.
Secondly, the total amount of CO 2 emissions released to the air during the annual fuel consumption is calculated. The emissions produced during the production and combustion of the fuel are summarized and displayed in Table 4 . It can be clearly seen that if a heating system with an old boiler for brown coal is changed to a heating system with pellets, the CO 2 emissions of an average house will decrease by 14.4633 (14.76 minus 0.2967) tons every year. As can be seen in Figure 1 , the annual fuel (coal) consumption reduction (by 3.20 tons) is caused by putting a brown coal automatic stove into service. As well as in the previous case, the same amount of fuel (6.9 tons of pellets), and thus similar fuel saving, is needed for heating by an automatic pellets stove.
Comparison of NO X emissions from combustion devices for heating
During brown coal combustion, apart from CO 2 , other polluters are released to the atmosphere (sulphur and nitrogen oxides, dust). The amount of nitrogen oxides released is calculated analogically to the amount of CO 2 released. During brown coal combustion, on average 161 g of NO x are released per 1 GJ in fuel; during biomass combustion, the emissions are lower -120 g of NO x for 1 GJ in fuel. Therefore, when recalculating the amount of the annual fuel consumption, the total heat in the fuel is 181.8 GJ in the case of brown coal and a boiler with manual filling, 124.2 GJ when a boiler with automatic filling is used and finally pellets provide only 117.3 GJ of heat. The detailed calculation is displayed in Table 5 . As it is obvious from the calculations, the emissions released are the lowest in the last case. Only around 14.1 kg of NO x is produced during pellets' combustion, while the values for brown coal are twice as high for manually filled boilers (29.3 kg).
Discussion
The efficiency of subsidies from OP Envi is assessed as the amount of CO 2 and NO x emissions reduced by 1 CZK of support. The results of the analysis for CO 2 and NO x emissions are displayed in Table 6 . In the (2012) Brown coal manual Brown coal automatic Pellets automatic framework of the subsidy programme for the replacement of old boilers for solid fuels, 19.98 mil. CZK were allocated to 333 beneficiaries in the MSR. This means that the average support per beneficiary was 60 000 CZK. Changing one boiler for coal with manual filling to a boiler with automatic filling brings savings of at least 4 670 kg in the case of CO 2 and 9.3 kg in the case of NO x per household. In total, the change of boilers might have produced CO 2 emissions savings of 1 555 110 kg and NO x emissions savings of 3 096.9 kg, suggesting that the subsidies had a positive impact.
The annual emissions savings could have been even higher if the old manually filled boilers had been replaced with automatic boilers for pellets. The total amount for all the programme's beneficiaries might have been 4 816 279 kg for CO 2 and 5 061.6 kg NO x emissions. However, it is only a hypothetical calculation as automatic boilers for pellets were not supported within the framework of the stove subsidy programme. Therefore, the recommendation of this study is to broaden the scope of the subsidies to boilers for biomass, which would contribute to a higher emission reduction.
Regarding the public support, 1 CZK of subsidies causes a CO 2 reduction of 0.0778 kg when the transition to automatic boilers for coal is supported and 0.2411 kg if the transition to automatic boilers for pellets had taken place. The results are similar in the case of NO x emissions. Again, the transition to automatic boilers for pellets would contribute to higher pollution reduction. While 1 CZK brings a reduction of NO x of 0.0002 kg when the change of manual boilers to automatic ones is supported, the same amount of money could cause a decline of 1.6344 kg of NO x if the boilers for pellets were supported.
It has been proved that the so-called stove subsidies aimed at households in the MSR are efficient in terms of CO 2 and NO x emission reduction. Only minimal levels of CO 2 and NO x emission savings were calculated; the real ones could be different. The simulation did not take into account the impossibility of combustion in new boilers with automatic filling of all (including inappropriate) household communal waste, as used to be possible in the case of old boilers. Therefore, the real emissions' savings might be even higher.
Conclusion
The aim of the paper was to assess the efficiency of the public finances devoted to the CO 2 and NO x reduction in the MRS. The efficiency of subsidies from the European Union's thematic Operational Programme Environment co-financed by the Moravian-Silesian region was examined. The so-called stove subsidies were taken into account in the evaluation. They were aimed at the replacement of manually filled boilers for solid fuels with new, low-emission, automatic boilers for coal or for coal and biomass. The efficiency of financial means was proved by the analysis as the replacement brought a significant reduction in CO 2 and NO x emissions. The purchase of new heating technologies for households leads to a total effect of emission reduction in the region and improvement of the environment. Savings of CO 2 emissions as high as 0.0778 kg and NO x emissions of 0.0002 kg were achieved by 1 CZK spent on the transition of a household to a boiler for coal with automatic filling. The effect would be larger if the support was also aimed at boilers for biomass combustion only. However, OP Envi and the MSR supported exclusively boilers for coal with automatic filling or boilers for coal and biomass. Support for pellets boilers of 1 CZK would bring a CO 2 emission reduction of 0.2441 kg and a NO x emission reduction of 1.6344 kg.
Therefore, the introduction of subsidies for boilers for biomass only is also recommended by this study. This would multiply the positive effect of financial means from OP Envi and regional subsidies on the emission reduction and would increase the air quality in the MSR. The same or an even higher effect might be achieved if the current legislation was toughened. However, a more detailed analysis would exceed the framework of this study, so this topic is left as a challenge for future research and it is supposed that the government will prefer to motivate people with positive incentives rather than with sanctions. Moreover, law enforcement is not without costs. 
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